INTRODUCTION
Here we will study some unfoldings of a geometric Lorenz attractor through a saddle-node bifurcation. We shall prove that these unfoldings can 590 C. A. MORALES carry a geometric Lorenz attractor either into a Plykin attractor or, among other possibilities, into a strange Henon-like attractor or into a vector field with infinitely many sinks. These last two options are obtained through the creation of a homoclinic tangency. Let us start with a description of the main objects in these statements. Throughout the paper, an attractor for a vector field X (a diffeomorphisms f) will be a transitive invariant set of X (of f) for which its basin of attraction has non empty interior.
A geometric Lorenz attractor is a vector field in R3 which has an attractor with a dense set of hyperbolic periodic orbits and one hyperbolic singularity. Moreover, it is non-uniformly expanding and thus sensitive with respect to the initial conditions . Besides the classical Lorenz equations proposed by the author [8] , for which the existence of a Lorenz attractor is still an unresolved question, the first concrete example of this kind of vector field was given by Guckemheimer and Williams (see [4] ); more precisely, they exhibited an open set of vector fields in R3 carrying a Lorenz attractor.
A remarkable fact about these attractors is that they are persistent under every small perturbation of the vector field and yet they are nonhyperbolic. However, they do have some hyperbolic structure and positive Lyapunov exponent.
On the other hand, a Plykin attractor [12] will be for us the suspension (see [16] ) of a diffeomorphism defined in a two-dimensional disc neighborhood which has a hyperbolic nontrivial attractor. We say that an attractor is nontrivial if it does not consist of a single periodic orbit. The existence of an open set of axiom A diffeomorphisms in the two-dimensional torus T2 which contain at least one nontrivial attractor was proved by Smale [16] . The similar problem in the two dimensional disc or in S2 remained unsolved until Plykin, who produced examples of open sets of axiom A diffeomorphisms in the two disc and in S2 with nontrivial attractors.
Finally, by a Henon-like strange attractor we mean the suspension of a two-dimensional diffeomorphism which has an attractor A with the following properties: -it is nonhyperbolic.
there is a saddle point p E A such that A is the closure of the unstable manifold -there exists a dense orbit in A which has positive Lyapunov exponent. It is well known that these attractors appear in the unfolding of a homoclinic tangency (see [9] ). Also appears with such an unfolding, the so-called infinitely many sinks phenomenum which consists of an interval, in the parameter space, in which there exists a residual set of points 591 LORENZ ATTRACTOR THROUGH SADDLE-NODE BIFURCATIONS corresponding to vector fields with infinitely many coexisting attracting periodic orbits (sink type).
The present study of the unfolding of a Lorenz attractor through a saddlenode bifurcation was motivated by [3] , where they considered the unfolding of surfaces diffeomorphisms that appears when a hyperbolic ( [9] or [ 14] ). The second one says that one can separate the set of geometric Lorenz attractors and those vector fields carrying a Plykin attractor by a codimension one submanifold. This result is directly related with the bifurcation mechanism showed by Afraimovic and Shilnikov [1] (see also [17] ), where the authors proved that this kind of separation can occur between the Morse-Smale systems and those with a countable number of hyperbolic periodic orbits. It is interesting to point out that the Theorem II below also implies an approximation, by Plykin attractors, of some of the Saddle-node Lorenz attractors showed here. Such an approximation by Plykin attractors holds, for instance, when the initial flow is a constant vector field on the three dimensional torus (see [11] 1) That construction is quite similar to the one given in [4] . The difference now is that the singularity involved is a saddle-node singularity.
2) The arguments given in [4] imply that Xo has an attractor with periodic orbits and the saddle-node (0,0,0 [19] , which is also used in [ 13] , we will give the exact meaning of "generic" in the Proposition 2.1. We notice that in [4] some diophantine conditions on the eigenvalues were used to obtain Cl-linearization of the singularities, to make the computations in that work easier. Certainly, the same observation applies to the present paper.
Hereafter we will assume that the parameter is zero for arcs Y close to X since the saddle-node singularity is a codimension one phenomenum (see [18] ).
In order to prove the Proposition 2.1 we assume that Y is as that in (2) These are discontinuous for p 0 and diffeomorphisms for p > 0, as we will see in the sequel. Our goal here is to study these maps when ~ 0. As first step, we shall prove the existence of a C1-strong stable, 03C0 -invariant foliation defined in the whole set S with the line { ~;o = 0 } as leave. This will let us to reduce the dynamics of the vector field to that of a one dimensional map. It will be a expansive map and so the approach given in [4] can be applied in order to get the existence of a transitive attracting set with hyperbolic periodic orbits and, at least, one hyperbolic saddle singularity. (2) [7] where critically twisted orbit is studied but associated to hyperbolic saddle type singularities. Proof. -First, let us explain how the proof works. We apply the arguments given in [2] and [15] [16] ) was proved to exist by Shilnikov and Turaev, in the space of flows of any n-dimensional manifold with n > 4. The methods given in this research can be applied in order to prove the following statement: There exists a separation between the set of fields displaying a multidimensional Lorenz attractor and the set of Axiom A flows with an attractor of solenoid type, in the flow's space of any manifold of dimension greather or equal than four.
